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CHAPTER II

GEOLOGIC POB!.:',TIONS AND GROUND WATER OCCURRENCES

IN NOHTiiSRN MEW CASTLE COUNTY

II-l. INTRODUCTION

Since the purpose of thin study is concerned pri-
marily with the hydrolofiic factors of sanitary landfill
operation affecting ground water contamination, no nttnwpt

has been made to treat the fleolofiic foi ••":." ••" *!"o study

.irea in detail. A brief description of regional geology
iwivA

"is Riven in this chanter to connroheml the occurrence,
yielding ability, and w.v.i" • • • . • " • • • nr;- -,r tv.0 ROO-

logic formations in northern Mew O'\n;. , • .' •'. :• . • :••' r.n.ra-
meters are significant hydrogeoloftical factors for a sani-

tary landfill operation.

II--2. GEOLCOIC REGIONS

The Ir.nfl mass of northern 'lew Cacti « County lies
in two ma.ior geologic provinces -- thi fl •• '•'.! Plain and

the Piedmont. Tho sedimentary rtosnci', l1 l/nn Coastal

Plain are ros'tly fliDninn sands, C.w.i .n gravels which (\27968
extends bonrith the ocean. Inlniv! ''r r:i (.he Coastal Plain
O
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CHAPTER V

EXPERIM3HTA! STUDY OP TYBOUT3 CORNER SANITARY LANDFILL

v-i.

In Hovnber 1968, the Department of Public V/orka,

Hew Castle County oelectnn Tybouts Corner, the Intersection

of U. S. Routes 13 and 301 n,n shovm by Pi/rure 12, as a new
site for nanitfry landfill to mn^e their municipal refuse
disposal

To nro'ect nRainnt (rrpunrt water contaninp.tion, the
i'-'-a
:"" nivorsity "T Relnvrare hn.s 'boon ?rinsirr°'l *o nv̂ lur.te the

char.-e or w.tnr nunlity nr.ci ita e'''>." ••• . •' ••-•IT
ciur-ert by the lcndrill operation in. that .iren and its

vicinity.

Since the T?fbouts Corner nanitary Iradfill onera-

t/iin ; "ir"-ed in December 1966, wefikly EP-sn^es have been
cc'ilec T] "V the University of Dclawnre *o pv\luate the

vii'. T nV'.v ohanne affectsrt by Lnnfl^i' ' wo ration.

Thi'"fc;' r' I'tifl wp.tnr obnRrvaiiior1; v/R1,' r1 • :"' I. D. Rnlva-

ni1,'.'-"1 i i ''ins wll,h t'ohnnon rCainl" -Ujol rlrivc pointr
' '• "'"out 10 '"•o ?0 •f't bf1 nw '• rrounrt writer tab', n
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FIG. 12 TOPOGRAPHIC MAP QEFORE LANDFILL PROJECT STARTED
7Y80UTS CORNER SANITARY LANDFILL
NEW CASTLE COUNTY, DELAWARE
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located over the area. Their locations are shown in
Figure l.-I.

In addition, Banvoles wore collected from wello of

residences alon/j U.S. Highway 13 at the northeast corner
adjacent to the landfill. Furthermore, surface water
samples from Pigeon Run and Sed Lion Creek were alao collect-

ed for analyses. Snmnle points are narked on Figure 12.'

In regard to the hydrofleolo^ia asnect of landfill
operation, Tybouts Corner hn.o no conflict in •nrincinles as

stated in previous chapters. The site consists of a south-

west drained toTio.iranhy with a rnn^e in elevation of /15 ft
to 75 ft above jnean sea level., .../The direction of ground

movement, beneath the nitc i* also nouthwest where it

dischar^ns into ?i/;eon Hun, a tributary . o.f the north branch

of the Rod Lion Creek.

Surface drainage was very poor, before landfill •

project started. However, unon completion of the_fillinff
operation in 1973, the ground nurface of the area is aug- •
','«•"** ' "*" ' ' /
tested to be contoured an Pi^re 13 to nrohibit inundation
v - ' . 1 1 .:**+lf1+r̂

oy any external surfp.ce wp.ter. '
<t

UnconnolidatRrt nonmrino Crot.p.no.oun 09f1imf.'nts of

Potoraac donation un'l"i'He i.ho rit.c wii'; !.ho Columbia
Forma'tion lyia-; on it. On i,hc bruin o1" t.'.vp.ivc 'or. rir.1::!,
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83 000309



' /
FIG. 13 PROPOSED TOPOGRAPHIC MAP AFTER LANOl'ILL, PROJECT DONE

TYBOUTS CORNER SANITARY LANDFILL
NEW CASTLE COUNTY, DEUV/ARE
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>Hhich were made during the initial site investigation to
• identify soils conditionsj a soil nrofile io prepared as

Figure 1/1 for refflrence. The nredominant soil type is a

brovm inonjnnid silty clay with poorly graded /jravel which

is nonsticlcy and slightly plastic when dry.

V-2. ' R3PUS3 PLACSKCT

The filling of Tybouts Corner sanitary landfill

be/jan in December 1969 find was planned to terminate by the
, end of 1973t All the rofuoe nlaced in the area originates
in the residential districts of the ad.ioinin^ communities
of northern Hew Cmst3c County. The refune is primarily

..domestic refuse consisting of rwnpr, (jrnan ^arrten trirn-
^ '?.

rainfjs, gnrb^e and niscollaneouB inert material.

The aren method for oanitary landfill with hori-

zontal convnaction ic used. At the end of each day's opera-
tion, the refuse is usually covered 'with approximately six

inches of soil.

To start the landfillian; process, the bulldozer

operators cut the original surface dovm to the final fill-
u)0-0,depth i about, 2 ft or more above the water tnblp, nnd ox-" —— " fjrfjxv.-.̂ 1.

pose n \vorkinK surface, nol'iiso io dunpo'l 1:1 nla'c/>, ,?,nrt the

operators spread nnri connanl, i" .ivor.lv "* n̂ .tur1! Tiointuro

: content. Ar. the refnno ron«hfn *.n o1.pvn.tion nbout 2 ft
'
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. • .- 58
below the finished ffrnAn, a layer of soil is nut over It as

/"*\ final cover. Uver^renn needing are nlanned to bo planted
throughout the area finely, •-i"'i' '--.Ĵ*' "'''

V-3. WATER LEVEL MEASUREMENT

V/ater table relief ia mainly dODpnfient unon the
neraeability of the material through which reclmrme occurs
or through which the wound water is moving. A ground water
hifih nay oxlrt becaur.e of P. loan neraeable bed creating a
steener itrrariient. In ^oneral, the more nomeable the ,
material, the flatter the confi.niiration of the water tablet
will be.

Grnunfl water under th1? study area is under water
'i'table conditions. Heforrin^ to ?i.r.ire 14, the ground water
level vnries fron 5 't to 15 ft below the original surface.
Its average sloiie ia about 0.00'j. V'ith this si one, it ia
obvious^ thrt the materialo in the study area have a medium
low Tjermenltillty.

In ordnr to afinroximate both the (Tenth and the
poanible limits of the fluctuation of the water table be-
neath the sanitary landfill, the trends' of the water table
of three obnorvatior, wolls, for which coinlete records had
been kent ovor tl'.o nnriod of rtjifly, nru n1,ottPrt as Figure
1?. In obnnr/atinn wnl?.r- ?-? nnii p-'', v.r.tnr levelP were

027974
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61
recorded after the landfill oneration wan finished, and

f~}
observation well P-9 wno recorded and or p. natural undisturb-

, ed condition. By examining tho trends of the water table

shown on Figure 15 , it in apnirent that water levels rise
gradually from January to Kp.y, .This refiRcts the seasonal.

effect of swim; recharge in all three wells.

To nrertict the tiernieability and other riarameters of
the atudy p.rok under the established hydraulic gradients,

a pwnrainn: ter.t war. scheduled to be carried out before the

end of July 1970, thn termination of the contract which

the writer was en^a^cd with tho University of Delaware an1

a research fellow. All the field net-ut) v«?.s ready for the

i-.test on July 13, 1970 but the tost could not b(3 completed

due to the fact th.it, the wim which wn.r, riirnishert by Walt on
Comoration was incaTiable of lifting watr.r after the draw-
down reached 26.70 ft.

Howevpr, referring to the Soil
preaared_by. SubaurfaceJ;!asLn.o.erin̂ .Inc. . we can conclude
that the coefficients of permeability of the study area
are fairly low and it is not exnected t,o develop a nl^ni- .

ficnnt flow through thin ŵ riQ.̂  Tnhl R VI presents the

•test rctnultn of nocffi.cipnt nr nor-nml'jj i'.y to clarify the

consistency of the Material t.'iroM-iioii t ;h" r^.uny nroa.

The tentr. wore n.in-wik.h. P. cnnp'ifi'. hr.n.o fron remoulded,

027978
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TABLE VI—Permeability Test For Tybouts Comer Sanitary
Landfill

Hole Mo. I Denth in ft. ! Permeability (K)
M.H /HAM. / nA^n\! • i cm/neo (,20°C)

! .V 5
BH 11 " 5-7

R.I x 10
5.2 x 10

"7
"7

: 7-11 j 1.7 x 10"°
I 73- 7 i 0.'.! x 10"'

3H1° j 7.9 ! ,2.SxlO-4
. , I ••""

3-7 I 1.9 x 10"8
BH 8 . 7-11 ' j ' l./i x 10"8

I H-15 I 5.3 x 10"8

^ o W
if,,
^

oorapnictert, snlit moon, ,in.r r-aranles. Ths florin^ Holes, BH,
are shown an Pi.wre 1/1.

$
V-4. C.'ia'JCAL QUALITY aVALUATIOIl

To ascertain if thpre is any -iijnrecinble chnn/jo in
quality of ground water down /rraciient'.from the landfill,"

.'*'
'-, Pro/i;ress_Report of_'Vater_.Q\jalj.j.VL_Inyfi.gli£a:lilĝ at the,

Tybouts Comer S,Tjiitâ -LAnflfdl-l-̂ re.T)rxeiĴ _̂ivil_Jngineer-
ij}&JiP.E|JLrtmj!.nJj.JJiiiy.crĵ .ty.-of-]̂ -fl,war.p, irBsents data of the

chemical tent renultc neriodically vdth dnt^iled discuasion.
The chomioal naranetors analysed by thr Knvironranntr?,! labora-

tory are listed in Table VII. Hcifprrin.1: 1.0 the nbove

mentioned report, rn"e ni.7nif: m.nt tinvvplinrn are evaluated
in the following wr-'TaTih:1 tn •l'it(ir".'nr r'nch wou]d best

027979
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TABLE VII.—Chemical Parameters ?or Leachate Analyses
•nil
Nitrates (rn/r/l)
Chlorides (rn̂ /l)/
Specific Conductance (umho/cm)
Total Hardness (m«/l)
Alkalinity (nv;A as CaCO,) '
Acidity (m.̂ /1 as CaCO,) J
E. 0. D. (,Wl) J
Iron (mrjl)
Orthophofmhatfi (im/1)

serve as indi'catorn of a general increase in concentration

of various chemical a that ,T,ay be leached from the disposal

area.

pH—it has been found that pH determination is a

poor indicator. The reason may be because of the large
'••"'change of hydrogen-ion concentration needed to show a change

in pH. For instance, well P-R which exhibited a noticeable
increase in concentration of chloride and other ions showed
only ft slight increase in uH.

nitrates—nitrate concentration was hi^h in natural
. pround water'of the landfill area and vicinity. 'As'Ti'trate's

were reduced to nitrites under anaerobic conditions, .a
gradual decline took Tilace in most wells about two months

after refuse was covered. This reduction is ar-sumed to be

the reculi; of the anaerohio environmer.!; that oricts nrobably

throughout tho fill arna.

Chloridns — "nn ohJnri fe-i or 'li^-'v-iinntion was the

027980
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Oiost cer.nitive parameter used. Therefore, the chloride Ion
is perh-Tns the moot suitable indicator of leaching from the

• refuse aum> because; it is easily measured, and is not readi-

ly" absorbed by "soil formations! is not altered by biological
processes! onf considerable nuantities may be •orecent in

the refuse. 'iVells P-2, P-7 and P-9, which have continual
records during tho study neriod, are nlotted fiiafiranuuatical-

ly of chloride concentration change at s.TinlinR points.
The trend of chloride concentration change of P-2 ao Fifjures

16 and 17 indicates a otearty inoreaae in chloride concentra-
tion. No significant change in P-7 snny IJP due to .the topo-? «•$ .ô \ f;.,o '-1̂  &••.>) -
Rraphic effect of hinhor iiie zone trig' nend at the wall site

... with a dovm mrnyifint flow tnwart couth weot direction to
CI

Pigeon Run. Based on about 12 months of water duality

. analyses of ground water in the landfill area, since ground

water movement is fairly alow, it in hnrd to detect any
water ouality chan/ro. in P-9 so far, after the completion of

refuse dump in Zone I area (Figure 12).

Specific OonductancB—ciecific conduc-tance, which

is indicative of the total concentration of dissolved ions,
is a valuable tool in connnri.nq .qroun;'. water nualitiea.
Althou/rh oneciric conclnntwco ''?oc noi, iirlicatc which ions
are nrenunt in thn nnrmlcr, H ')r":'0!in(:ntnri relatively

narked nuality nhr.r...-̂ !1 Vr.rn!i,"-i T;!;" fili TOP.. The loiv;

rm trnnc1 o" r.^?nific enrif" mv.'M'ico •*'''•••'• •''' ';i'if water satrnles
. 027981
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s~\

followed the tiattern of chloride data.

Other Parameters— during such a short study weriod,

the other parameters, which are listed in Table VII, did

not flive a flood indication of lenchate movement. Continuing

studies of chemical analyses for at least 'three more years
is recmired to evaluate their specified characteristics in
regard to leachate contamination and movement.

IJf̂
Water oanroles were taken from a few private rosi- ' v

dences alon/j U.S. Highway 13 at the northeast corner about

200 ft from the landfill site. With this distance and
location, the landfill is not expected to have any influence

rt because of the direction of ground water movement. Teat 7
'-' /ch'ij --• ••' (

reports of house gambles /indicated no effect by the land- V

fiir'oBeration so far. Stream snnrale records of Pigeon Run
and" its' tributaries alno did not. show up any ouality change I

•-• due to the landfill. . "

. ,
With the data available at this moment, some leachate

has been introduced into the ground water which can be de-

fected by chlorides, 115 m/r/1 in'February 1970 in "we'll" P-2,
"and specific conductance, 250 umhb'/cm on Atiril' 25, 'l"969"."
I3uf"tho'levnln^o^cnntaminnnta aro nuite low compared'wfCh-"

their hazardous limits of 250 m.T/1 antl 1,700 unho/cm,
respectively (21), •"•---....

J , 027984
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CHAPTER VI
•,

SUMMARY AND CONCLUSIONS

VI-1. C3KSRAL

1. Th'e water balance study for Delaware indicates

that there is a sumlus of water from November to March of
the next year. Every January, there is on the average
about 9 inches of water availnble for ground-water replenish-
ment. This is the maximum monthly sumlus water for the

year. Thus, special attention must be paid to the selection
•'•'Jl of a sanitary landfill site due to this water sumlus.

2. With regard to the fteoloffic solection of a land-
fill site for northern Delaware, the Columbia fo'rmation of

the Coastal Plain, which does not exceed 20 ft with soil

that contains about 50 tjercent sand and approximately equal . $,
amounts of clay or silt and has a relatively impermeable _^ \;, '^ .yv.

V'\IN '*"j.'''̂'bottom, would be fin ideal site for a landfill operation. £>>•' ••'. •„.«).'

The Piedmont Province of the study area is not recommended '^ ]<•"'.'- • '.̂  . .' V
for landfill urojonts.

3. V/ith resnect to thR hyrtrolo^ic conditions,

Delaware in a humid area. In Now Cnctlo County, the

^ 6P 027985
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• • • • 69

excessive moisture in a landfill will saturate about 9 ft

Oof refuse each year. Soon after the entire landfill reaches

saturation, the excessive moisture runs down gradient freely

to the underlying around water aquifer and thereby pollutes

the aouifer. Hence, the landfill in the study area should
be located at a discharge zone whichenabl_es.,u9..to_nianage

the pollution probles..Vihen thi5...happens...—

4. In the operational consideration of selecting a
sanitary landfill site, a topographic survey, boring tests

with soil profile and ground water elevntion, and ground

water samples should bo made before startinR the operation.

Meanwhile, field-test cells are recommended to be installed

in the county1a future landfill projects for reliable
i *'*• A
•physical and chemical information collection. •

5. After the completion of a landfill, the slope

of the fill surface should be at least one percent to assure
drainage. Shallow parabolic firass channels with -a capacity'
of 10-yr storm frenuency are recommended to prevent ponding

and excessive seepage into the fill.

VI-2. TYROL'S CORN'S!? SAHITARY

-c=

1, In thfi hylro/rpolorn.1 fianon". nf Innrlfill ooora-

tion, Tybouts Corner har. m onr^'llct with the nrincir/les as

stated in this Tinner. " '

|8
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2. The coefficients of permeability of the study /
area are fairly low find it is not expected that significant "/ ,<f

flow through the soil in the nroject area will develop. J

3, The chloride ion is the most suitable indicator /'.

of the concentration of the leachate,

4. Water snmnles fron test wells in the uroject

area to February 1970 tend to'bear out that some leachate
* I
has been introduced into the ground water. However, the

level of contaminants io v?ry low corroared with the hazard-

ous limits,

5. Teat renorts of water sanrolen collected from /

the houses adjacent to the landfill site indicated no effect '

by the landfill operation up to July 1970,

6. Upon the coiroletion of the filling operation of ;
the Tybouts Corner landfill project, the (jround surface of i

the area is su^estcd to be contoured §'ao sho\vn on Figure 13 ;
j

to prohibit inundation.

VI-3. SUGGESTIONS FOR FUTURE USS 07 T'rlK SITS

1, After the fill is eomileterl in accordance with

procnriuros nrf-viouBU' onllir.of1, tlii? ri l;c can bo utilized

for many wo!"fchv;hl3 1? mirpTiion. I', ji; i''!rii"!.blQ that the
ultimate une bn :;no".:-. •VHP-I r •; '.:.im !?.•• • • n.\, nrorcr

027987
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can be effectuated in operating the sanitary landfill.

Records of what haunens riurinn; the fill operation have to

be taken to ad.iust the final decision as to the future plans.

2. In •nlanninn; tho use of the cite, physical factors

such as the suscentibllity to flood, the topographic relief,

and the subsurface conditions must be considered.

3. In terms of over-all community development,

with extensive denordtn nf sand p.nrl gravel suitable for use

as construction natnrin.ls, thr Bite mi/rht be suited to deve-
lopment of an induptnnl î ark as well as a Dark or play-

ground, which in by far the greatest i3erci3ntp,ce of how

filled siten are ur-ei1.
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